Purpose This study aimed to identify factors affecting the use of the hearing protection devices (HPDs) among workers exposed to noise using the Pender Health Promotion Model. Methods The 222 subjects came from thermal power plants with similar noise levels, which are between 80 dB and 90 dB in South Korea. Data were collected with self-administered questionnaires designed to measure concepts from the Health Promotion Model. Results Mean percent times of using the HPDs at their most recent job site were 50.9%, and 20.3% had never the HPDs. The predictors of HPD use were social modeling (OR = 1.380), perceived benefits (OR = 1.150), and working at noisy worksites (OR = 4.925) when the outcome was based on the "non-use" versus "used at least once". However, the predictors of HPD use were social modeling (OR = 1.795) and perceived benefits (OR = 1.139) based on the "less than half-of-the-time-use" versus "more than half-of-the-time-use". Conclusion Social modeling and perceived benefits of using the HPDs are important for workers to keep minimal or certain level of using the HPDs. [Asian Nursing Research 2010;4(1):10-18] 
INTRODUCTION
Noise is one of the factors detrimental to industrial health. Noise-induced hearing loss (NIHL) is one of the most common occupational diseases (Korean Occupational Safety and Health Agency [KOSHA], 2001 [KOSHA], -2007 . In Korea, about 40% of all manufacturing industries are exposed to noise. Special health examinations have shown that the most commonly found occupational diseases in local manufacturing workers are pneumoconiosis and NIHL (Park & Lee, 2006) .
Noise may be effectively controlled in three ways: changing noisy machines or work processes, blocking the origin of noise, and wearing personal hearing protection devices. The first two ways are engineering approaches to preventing workers from being directly exposed to noise. They are very effective in noise control, but cost-ineffective and technologically difficult. For this reason, wearing personal hearing protection devices (HPDs) is a more reasonable option (Park & Lee, 2006) . However, most workers are reluctant to wear HPDs because they feel inconvenienced. It has been suggested that efforts should be made to identify and improve factors affecting the wearing of HPDs (Koo et al., 1998) . The HPD earplug reduces noise by 25-35 dB and the earmuff by 35-45 dB. Using both of them can reduce noise by another 3-5 dB (Park, Lee, Kim, Ahn, & Lee, 2001) . For this reason, it is recommended that both earplug and ear muff be used.
A report from the United States found that 17% of all farmers (McCullagh, Lusk, & Ronis, 2002) , 72% of all Mexican-American workers (Kerr, Lusk, & Ronis, 2002) , 76% of all manufacturing workers (Lusk, et al., 2003) , and 78% of all Hispanic workers (Raymond, Hong, Lusk, & Ronis, 2006) wear HPDs when exposed to noise. In the U.S. many studies are currently being conducted to identify factors that affect the wearing of HPDs in order to assist in the development of intervention programs that promote the use of these devices. In Korea, only 44.3-50.2% of workers in small manufacturing companies wear HPDs (Kim et al., 2002; Park et al., 2001) . Despite the low level of HPD use in Korea, few studies have been done to investigate the factors that affect its use. Thus, the purpose of this study was to identify factors affecting the wearing of HPDs among workers at six thermal power plants using the Predictor of Use of Hearing Protection Model (PUHPM) as a construct (Hong, Lusk, & Ronis, 2005) . The thermal power plants are one of the noisiest workplaces, which have shown noise levels that are between 80 dB and 90 dB by routine noise monitoring.
The PUHPM divides predictors of health-related behavior into two categories: modifying factors and cognitive-perceptual factors. Modifying factors include demographic factors, interpersonal influences and situational factors. Cognitive-perceptual factors include benefits, barriers and self-efficacy. The outcome health behavior for the model is the use of hearing protection. All factors have a direct effect on the use of HPDs. The modifying factors have an additional indirect effect on use of HPDs, exerting their influence through the cognitiveperceptual factors. Although the modifying factors did not directly influence health-related behavior in the original structure of the Health Promotion Model (HPM; Pender, 1987) , upon which the PUHPM was based, the PUHPM assumes a direct relationship between the modifying factors and the healthrelated behaviors. This relationship is based on the findings from studies with construction workers (Lusk, Ronis, & Hogan, 1997) , and factory workers (Lusk, Eakin, Kazanis, & McCullagh, 2004; Lusk, Kert, & Ronis, 1995) whom the theory has been tested on. In these studies, an exploratory form of the HPM tested for a direct effect of modifying factors on the health-related behaviors and accounted for greater variance than the original theoretical structure.
METHODS

Subjects
Subjects were 222 workers from six local thermal power plants in South Korea. The participants selected were adults, literate in Korean, who were exposed to noise at worksite, were working at least 40 hours per week, and had volunteered and given written consent to participate in the study. Data was collected by mailed questionnaires from January to May, 2006 . Approval from the Ethics Committee of Pusan National University, Busan had been obtained prior to the start of the study.
Instrument
The Health Promotion Model (HPM) questionnaire (Hong et al., 2005) variables had not been used in Korea before. We obtained permission to use the questionnaire from the developers and translated it into Korean and back-translated into English with the help of bilingual translators in both English and Korean. The Korean version of the questionnaire was tested by 10 local workers before being used in the study, and it was modified accordingly by the authors of the study. The internal consistency of the instrument is reported as theta in Table 1 . Seven of the eight scales showed acceptable (≥ .70) internal consistency (Nunnally, 1996) . The accessibility scale did not test acceptably and was removed from the questionnaire (theta = .58).
Modifying factors for the study consisted of demographic characteristics, interpersonal influences and situational influences. Demographics included gender, age, marital status, level of education, work type, years at the plant, years of work in a noisy environment, total years worked, whether prior workplace was noisy, ear conditions and incidence of hearing examination/reexamination. Interpersonal influences on use of HPDs included workers' perceptions about the beliefs of others (coworkers, supervisors, health personnel, safety personnel) regarding HPD use. Two subscales of social modeling and interpersonal support were used. Social modeling was measured through two questions about how much participants believe others (coworkers, supervisors) use HPDs in the plants. A Likert scale was used with the values ranging from 1 to 5 (1 = never, 2 = usually not, 3 = about half the time, 4 = usually, and 5 = often). Interpersonal support measured how much others (coworkers, supervisors, family and health personnel at the plant) were perceived as encouraging the worker to use HPDs. A Likert scale was used with values ranging from 1 to 3 (1 = never, 2 = sometimes, and 3 = often). The evaluation of the support of health personnel for practice of healthy behaviors at the plant was retained from the original scale. Situational influence was measured through workplace climate, or workers' perceptions about how much the labor union and their supervisors were concerned about and committed to improving worker health and well-being. A Likert scale was used with values ranging from 1 to 6 (1 = strongly disagree, 2 = moderately disagree, 3 = slightly disagree, 4 = slightly agree, 5 = moderately agree, and 6 = strongly agree).
Cognitive-perceptual factors for the questionnaire included perceived benefits, perceived barriers and perceived self-efficacy. Perceived benefits of HPD use , or beliefs regarding the positive results of using HPDs, were measured by five items such as "protect my hearing", "feel better", "like wearing", "reduce ringing in my ears", and "keeping out noise". Perceived barriers of HPD use were measured by nine items such as "would get an ear infection", "would keep me from hearing what you want to hear" and "it is difficult to talk with other people". Perceived self-efficacy was measured by two items such as "I am sure I can use them properly", and "I am sure I can tell when they are working properly". All three cognitiveperceptual factors were measured with a Likert scale with values ranging from 1 to 6 (1 = strongly disagree, 2 = moderately disagree, 3 = slightly disagree, 4 = slightly agree, 5 = moderately agree, and 6 = strongly agree).
The actual use of HPDs was measured by asking the subjects the percent of time they used the HPDs including both earplugs and earmuffs at their most recent job site, and the percent of use in the past 12 months. This was measured with a 0-100% scale with self-reporting, and was modified by deleting the item "regular use of the HPDs for more than 6 months".
Data analysis
Data were analyzed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) to compute descriptive statistics, regression equations, and classification tables. Initial study plans included analysis of related factors with wearing the HPDs using multiple linear regression. Because the distribution of the dependent variable violated normality assumptions of multiple linear regression, stepwise logistic regression was used. In the study, mean percentage of time for using the HPDs at their most recent job site and in the past 12 months were very similar each other, with values at 50.9% and 50.4% retrospectively. Thus, we used the former value as a measure of the HPDs use in the analysis. Mean percentage of time HPDs were used was dichotomized into "non-use" (0% mean use, coded 0), "used at least once" (> 0% mean use, coded 1), "less than half-of-the-time" (0-50% mean use, coded 0), and "more than half-of-the-time" (51-100% mean use, coded 1) in the logistic regression analysis, in order to investigate the predicting factors of higher use of HPDs. Modifying factors and cognitiveperceptual factors used in the analysis were found to be statistically significant at the level of .05 in bivariate analysis, after making sure that no multicollinearity of any variables was present. In the analysis, each variable used was at the significance level of .05 or removed at .10.
RESULTS
Use of hearing protection devices
The participants reported that the mean and the median percent of time using HPDs at their most recent job site were 50.9% and 50.0% respectively (Table 1) . About one-fifth (20.3%) of participants reported not using HPDs, and about 15% always used them.
Modifying factors
Out of all 222 subjects, 96.8% were male, with a mean age of 39 years (SD = 8.1), 79.7% were unmarried, and 79.7% had completed college level or higher. The average total work duration and duration of working at noisy workplaces was 13.3 years (SD = 8.1) and 7.1 years (SD = 7.3), respectively. Out of all 222 subjects, 65.2% of the participants were shift workers, 48.6% were working at a noise inducing worksite, 51.4% were managers who circulated or supervised in a noisy workplace, and 85.6% had no prior experience of service at a noisy workplace. Table 1 results show the mean for social modeling was 6.7 out of 10 and slightly lower than interpersonal support which has a mean of 8.3 out of 12. Workplace climate mean was 27.4 out of 36, which is the highest among the three modifying factors.
Cognitive-perceptual factors
The results of three cognitive-perceptual factors are also shown in Table 1 . Perceived self-efficacy was 9.6 out of 12, which is the highest among three cognitive-perceptual factors. Participants reported benefits as slightly higher than barrier to HPDs use.
Predictors of the use of hearing protection devices
The simple logistic analysis values based on "non-use" versus "used at least once" factors affecting the use of the HPDs were age (odds ratio [OR] = 0.207, p = .015 when comparing subjects aged 20-29 years with those aged 40-49 years), working at noise inducing worksite (OR = 5.699, p < .001), time working at noisy worksite (OR = 2.391, p = .045, when compared 1-10 years with < 1 year; Table 2 ), social modeling (OR = 1.515, p < .001), interpersonal support (OR = 1.217, p = .008), perceived benefits (OR = 1.181, p = .001), and perceived self-efficacy (OR = 1.203, p = .040; Table  3 ). Using multiple logistic analysis with these significant variables, the final predictors of HPDs use were social modeling, perceived benefits and working at noise inducing worksites (Table 4) . Subjects with higher scores in social modeling and perceived benefits were more likely to use the HPDs than persons with lower scores. On average, for a one-unit increase in the social modeling scale and the perceived benefits scale, the odds of the HPDs use increased about 1.4 times (OR = 1.380, p = .001) and 1.2 times (OR = 1.150, p = .010) respectively. Participants working at noisy worksites were about 4.9 times more likely to use HPDs than their counterparts (OR = 4.925, p < .001).
Analysis of factors affecting the use of the HPDs utilizing "less than half-of-the-time" versus "more than half-of-the-time use" yielded variables similar to "non-use" versus "used at least once". Simple logistic analysis results included age (OR = 0.366, p = .048 when comparing those aged 20-29 with those aged 50 and over), working at noisy worksite (OR = 2.115, p = .007), period of time working at noisy worksite (OR = 2.648, p = .028, when comparing 1-10 years with < 1 year; OR = 3.783, p = .009, when comparing 11-20 years with < 1 years; Table 2 ), social modeling (OR = 1.847, p < .001), interpersonal support (OR = 1.293, p < .001), perceived benefits (OR = 1.172, p < .001), perceived barriers (OR = 0.955, p = .041), and perceived self-efficacy (OR = 1.249, p = .007; Table 3 ). In multiple logistic analysis with these significant variables, the final predictors of the use of the HPDs were social modeling and perceived benefits (Table 4) . Those who had higher scores in social modeling and perceived benefits from use of the HDPs were more likely to use the HPDs than persons with lower scores. On average, for every increase of one on the social modeling scale and the perceived benefits, the odds of HPDs use increased by about 1.8 times (OR = 1.795, p < .001) and 1.1 times (OR = 1.139, p = .009), respectively. Overall these factors correctly predicted HPD use in 83% and 74% of the cases, respectively.
DISCUSSION
NIHL is the second most common occupational disease in Korea (KOSHA, 2007) , and about 40% of all manufacturing industries workers are exposed to noise (Park & Lee, 2006) . The thermal power plants in Korea have shown very similar and high noise level (between 80 dB and 90 dB by regular noise monitoring). However, rarely has research examined HPDs use of workers in these plants. This study investigated the percentage of time HPDs were used and the predictors of HPDs use among six thermal power plant workers exposed to noise using the HPM as a framework.
The mean percentage of time participants reported using the HPDs at their most recent job site were 50.9%, which was higher than the 17% reported by farmers in the United States (McCullagh et al., 2002) , and the 44.3-50.2% for workers in small manufacturing companies in Korea (Kim et al., 2002; Park et al., 2001) . However, it is much lower than the majority of the US studies, which reported 70% use in black and white workers (Hong et al., 2005) , 72% for all Mexican-American workers (Kerr et al., 2002) , 76% for manufacturing workers (Lusk et al., 2003) , and 78% for Hispanic workers (Raymond et al., 2006) . However, we need to be careful when directly comparing the HPDs use since the level of noise might vary as a result of the different working conditions.
The lowest rate of HPDs users in the present study were males in their 30s and 40s, who had worked for a shorter period of time at noisy worksite. Previous studies by Kim et al.(2002), and Park et al. (2001) also reported that more women than men used HPDs. NIHL in Korea is most common in males over 55 years of age (KOSHA, 2001 (KOSHA, , 2007 .
Interventions thus would benefit the most by appropriately focus on increasing HPDs use in males in their 30s and 40s. Choi and Lee (1996) reported that among workers who had been diagnosed with noise-induced hearing loss, 82.8% were wearing hearing protection devices, but the remaining 20.2% were not. This indicates that 20% of these workers did not see the necessity of wearing hearing protection devices, despite their health being threatened by noise. In this study, three factors were identifies as predictors for using HPDs: working at noisy worksites, social modeling, and perceived benefits of the HPDs use.
The persons who worked directly in noisy environments (60%) showed higher use of HPDs than the supervisors (41%), which was significant only for the "non-use" and "used at least once" analysis and not for the "less than half-of-the-time" and "more than half-of-the-time" analysis. It seems that working directly in noisy environments was the most powerful motivator for workers to use HPDs.
Social modeling (Hong et al., 2005; Lusk, et al., 1997; , and perceived benefits of using the HPDs Kerr et al., 2002; Raymond et al., 2006; Ronis et al.) have been reported as predictors of the HPDs use among workers. Compared to working at a noisy worksite, social modeling and perceived benefits of using the HPDs are significant factors affecting the use of the HPDs in both for the "non-use" and "everuse" analysis and "less than half-of-the-time" and "more than half-of-the-time" analysis. It seems that these are factors which should be present for maintenance of an environment which encourages workers to use HPDs. In the present study, social modeling was the subject's belief on how well supervisors and co-workers have used the HPDs in the workplaces. Our results suggest that HPDs use by supervisors and co-workers, and their expression of this being a positive experience can lead the non-users and the lesser-users to increase their HPDs use. Therefore, intervention strategies might benefit by focusing on improving the HPDs use of the supervisors first, which would then encourage workers to follow the supervisors' lead (Ronis et al.) .
Several previous studies have shown that both "perceived benefits" and "perceived barriers" are predictors of HPDs use (Hong et al., 2005; Kerr et al., 2002; Lusk et al., 1997; Ronis et al., 2006) . However, "perceived barrier" did not carry the level of significance to be used as predictors of HPDs use in the study. Perceived barrier was significantly related to HPDs use among white and black workers (Hong et al.) , but not among Hispanic workers (Raymond et al., 2006) .The studies with white and black workers did not measure predictors of HPDs use as a dependent variable related to ethnicity, as such, whether ethnicity is a factor affecting use or not is not known (Raymond et al.) . Perceived barriers was a significant predictor of HPDs use only for the "less than half-ofthe-time use" and "more than half-of-the-time use" approach in a simple regression analysis. It seems that "perceived barriers" was a less powerful factor for inducing HPDs use than perceived benefits.The other factor we should consider is "perceived self-efficacy" According a study by Lusk et al. (2003) , interpersonal influence, including social modeling affects perceived self-efficacy, which is directly related to the HPDs use. However, perceived self-efficacy was insignificant in the multiple regression analysis in the present study; rather, social modeling was related to HPDs use. Therefore, in consideration of intervention strategies for increasing HPDs use among Korean workers, we should emphasize the more positive aspects of HPDs use rather than the negative, and focus on how to increase social support over individual confidence.
To our knowledge, this is the first study to identify factors affecting the wearing of HPDs in noisy workplaces in Korea. We have identified two limitations of the study. First, we could not measure the availabilities of HPDs and therefore could not measure its relationship with HPDs use. Yoo (1995) reported that wearing earplugs was directly related to whether they were actually available and that continued wearing of hearing protection devices depended on whether they were available and maintained. In contrast, a number of previous studies used modified HPMs and showed no relationship between the availabilities of HPDs and their use (Hong et al., 2005; Raymond et al., 2006) . Secondly, the subjects were workers at six power plants in Korea. It is unclear whether the results are generalizable to other workplaces.
